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ABSTRACT
We present photometry, spectra, and spectropolarimetry of supernova (SN) 2014ab,
obtained through ∼ 200 days after peak brightness. SN 2014ab was a luminous Type
IIn SN (MV < −19.14 mag) discovered after peak brightness near the nucleus of
its host galaxy, VV 306c. Prediscovery upper limits constrain the time of explo-
sion to within 200 days prior to discovery. While SN 2014ab declined by ∼ 1 mag
over the course of our observations, the observed spectrum remained remarkably
unchanged. Spectra exhibit an asymmetric emission-line profile with a consistently
stronger blueshifted component, suggesting the presence of dust or a lack of sym-
metry between the far side and near side of the SN. The Paβ emission line shows a
profile very similar to that of Hα, implying that this stronger blueshifted component is
caused either through obscuration by large dust grains, occultation by optically thick
material, or a lack of symmetry between the far side and near side of the interaction
region. Despite these asymmetric line profiles, our spectropolarimetric data show that
SN 2014ab has little detected polarization after accounting for the interstellar polar-
ization. This suggests that we are seeing emission from a photosphere that has only
small deviation from circular symmetry face-on. We are likely seeing a SN IIn with
nearly circular symmetry in the plane normal to our line of sight, but with either
large-grain dust or significant asymmetry in the density of circumstellar material or
SN ejecta along our line of sight. We suggest that SN 2014ab and SN 2010jl (as well
as other SNe IIn) may be similar events viewed from different directions.
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1 INTRODUCTION
Type IIn supernovae (SNe IIn) are observed when fast SN
ejecta crash into dense circumstellar material (CSM). Strong
narrow and intermediate-width hydrogen emission lines indi-
cate the presence of these CSM interaction regions (Schlegel
1990; Filippenko 1997; Smith 2017). Because SNe IIn are
powered not only by emission from the SN ejecta, but also
from CSM interaction, unraveling the geometry of the ex-
plosion can be complicated. In order to better understand
both the shape of the SN ejecta and the CSM, two differ-
ent approaches (spectroscopy and spectropolarimetry) are
commonly used.
Spectral line profile shapes can help clarify the geom-
etry of the CSM or SN ejecta. Blueshifted line profiles can
arise when receding portions of the CSM or ejecta are extin-
guished by dust or occulted by the SN photosphere, while
any type of line asymmetry might arise from an aspherical
explosion or aspherical CSM. The spectra of SNe IIn often
show signs of asphericity in the CSM and the SN ejecta re-
vealed by line profiles (SN 1988Z: Chugai & Danziger 1994;
SN 1995N: Fransson et al. 2002; SN 1997eg: Hoffman et
al. 2008, SN 1998S: Leonard et al. 2000; Wang et al. 2001;
Fransson et al. 2005; Mauerhan & Smith 2012; SN 2005ip:
Smith et al. 2009; Katsuda et al. 2014; SN 2006jd: Stritzinger
et al. 2012; SN 2006tf: Smith et al. 2008; SN 2009ip: Mauer-
han et al. 2014; Reilly et al. 2017; SN 2010jl: Smith et al.
2012; Fransson et al. 2014; PTF11iqb: Smith et al. 2015; SN
2012ab: Bilinski et al. 2018; SN 2013L: Andrews et al. 2017).
One can also use spectropolarimetric data to measure
the polarization and position angle of integrated light. Al-
though only a few SNe IIn have spectropolarimetric data
published (SN 1997eg: Hoffman et al. 2008; SN 1998S:
Leonard et al. 2000; SN 2006tf: Smith et al. 2008; SN 2010jl:
Patat et al. 2011; SN 2009ip: Mauerhan et al. 2014; Reilly et
al. 2017; SN 2012ab: Bilinski et al. 2018), every one observed
so far has a high level of continuum polarization (1–3%),
seemingly indicating that strong asphericity is the standard
for this class of objects. This conclusion may be biased if
spectropolarimetric data of SNe IIn with low or undetected
polarization go unpublished, of course.
In this paper, we analyse the Type IIn SN 2014ab.
SN 2014ab was discovered by the Catalina Sky Sur-
vey (CSS) on 2014 Mar. 9.43 (UT dates are used in
this paper) at an apparent V -band magnitude of 16.4
(MV = −19.0 mag) (Drake et al. 2009; Howerton et
al. 2014), located in the galaxy VV 306c (redshift z =
0.023203; Vorontsov-Velyaminov 1959).1 The SN is located
at α(J2000) = 13h48m06s.05, δ(J2000) = +07°23′16′′.12.
We adopt a Milky Way extinction along the line of sight of
AV = 0.083 mag (EB−V = 0.027 mag; Schlafly & Finkbeiner
2011), and a redshift-based distance [which assumes H0 =
73 km s−1 Mpc−1 (Riess et al. 2005) and takes into ac-
count influences from the Virgo cluster, the Great Attrac-
tor, and the Shapley supercluster] of 105.7 ± 7.4 Mpc from
the NASA/IPAC Extragalactic Database2. R-band images
1 We note that the host galaxy is named VV 306c according to
the SIMBAD database. Moriya et al. 2020 stated that the host
galaxy of SN 2014ab is MCG +01-35-037, but this galaxy is the
larger one located ∼ 20′′ to the northwest (see Fig. 1).
2 The NASA/IPAC Extragalactic Database (NED) is operated
with and without the SN are shown in Figure 1. An infrared
(IR) spectrum acquired with the 6.5 m Magellan Baade Tele-
scope at Las Campanas Observatory with the FoldedPort In-
frared Echellette (FIRE; 800–2,500 nm) on 2014 Mar. 10.25
revealed features indicative of a SN IIn more than a month
past maximum brightness (Howerton et al. 2014). Addition-
ally, a visual-wavelength spectrum (3985–9315 A˚, 18 A˚ reso-
lution) was obtained by the Public ESO Spectroscopic Sur-
vey for Transient Objects (PESSTO) with the ESO New
Technology Telescope at La Silla on 2014 Mar. 9 using the
EFOSC2 and Grism 13 (Fraser et al. 2014). PESSTO reports
a Type IIn classification with narrow Balmer emission lines,
shallow and broad P-Cygni absorption, broad Ca near-IR
triplet emission, and broad P-Cygni Na i D (Fraser et al.
2014). Here, we present results for SN 2014ab based on five
epochs of spectropolarimetry, 31 epochs of spectroscopy, and
photometry spanning 4039 days.
As our paper was in the final stage of preparation, an
independent analysis of photometry and spectra of the same
SN appeared in a preprint (Moriya et al. 2020). We briefly
comment on similarities and differences between our analysis
and that of Moriya et al. 2020 in the final section of this
paper.
2 OBSERVATIONS
2.1 Explosion Date and Pre-SN Activity
Unfortunately, SN 2014ab was discovered after peak bright-
ness and the explosion date is poorly constrained. Predis-
covery CSS imaging of the host galaxy of SN 2014ab places
rough limits on the pre-explosion activity and the explosion
date. The object was detected in CSS images 56 days prior
to the discovery announcement image. We use this CSS de-
tection date (2014 Jan. 12.4755, MJD = 56669.4755) as the
true discovery date of SN 2014ab and adopt this as day
0 throughout our analysis. CSS images of the region were
taken spanning 3203 days before discovery up until 836 days
after discovery (Fig. 2), with no indication of any other tran-
sient events (i.e., no precursor outbursts; see Bilinski et al.
2015) occurring at the location of the SN. The brightest
observed magnitude (mV = 15.84, MV = −19.54 mag) oc-
curred in the CSS image taken 56 days prior to the discovery
announcement image. CSS images taken 212 days prior to
the discovery announcement image show no detection of the
transient, and we have no photometry at the location of the
SN between days −212 and 0. It is during this time period
that the explosion occurred, most likely at least tens of days
before discovery.
2.2 Photometry
We retrieved the V -band light curve from the CSS which
spans a total of 4039 days, shown in Figure 2. As this
light curve is not template-subtracted, it includes signifi-
cant amounts of host-galaxy light. We estimate the median
flux in the host galaxy in the CSS images when no SN is
by the Jet Propulsion Laboratory, California Institute of Tech-
nology, under contract with the National Aeronautics and Space
Administration (NASA; http://ned.ipac.caltech.edu).
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Figure 1. Left: R-band image of VV 306c, the host galaxy of SN 2014ab, taken with the Lick Nickel 1 m telescope with the SN present
(day 72). The red crosshairs indicate the location of SN 2014ab Right: R-band image of VV 306c taken with the Kuiper telescope after
the SN had faded beyond detectability (day 893).
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Figure 2. The full range of CSS unfiltered (similar to V -band)
photometric observations of SN 2014ab with light from its host
galaxy, VV 306c, included in the aperture. No pre-SN outburst is
evident in these data. The black line connecting the photometric
observations is included to guide the eye and does not reflect any
sort of model.
present and subtract this host flux from the rest of the CSS
light curve to estimate the SN flux. The shape of the result-
ing light curve is very similar to our 1 m Nickel telescope
(at Lick Observatory) V -band light curve, though the fact
that the CSS light curve suggests a systematically brighter
SN is likely due to residual contamination from the host
galaxy and the size of the region upon which photometry
was performed. We also obtained a late-time (day 893) V -
band image of the host galaxy (shown in Fig. 1) with the
Mont4K CCD Imager on the Kuiper telescope.
B, V , R, and I images of SN 2014ab obtained with
the Nickel telescope were reduced using a custom pipeline
(Ganeshalingam et al. 2010). Image-subtraction procedures
performed by the ISIS package (Alard & Lupton 1998)
were applied in order to remove the host-galaxy light, us-
ing template images obtained on 2016 Jan. 26, after the SN
had faded below our detection limit. Point-spread-function
(PSF) photometry was then obtained using DAOPHOT
(Stetson 1987) from the IDL Astronomy Users Library3.
Several nearby stars were chosen from the SDSS catalog for
3 http://idlastro.gsfc.nasa.gov/
calibrating Nickel data. Their magnitudes were first trans-
formed into the Landolt system using the empirical prescrip-
tion presented by Robert Lupton4, then transformed to the
Nickel natural system. Apparent magnitudes were all mea-
sured in the Nickel natural system, and the final results were
transformed to the standard system using local calibrators
and colour terms of “Nickel2” (see Table 1 from Stahl et al.
2019. We display the Nickel telescope light curve in Figure 3
alongside an additional unfiltered (similar to V -band) light
curve from the CSS.
2.3 Spectroscopy
We obtained optical spectra with a variety of telescopes in-
struments over the course of ∼ 200 days after the detec-
tion of SN 2014ab. Our 36 spectra were taken on 34 dif-
ferent nights with the Kast double spectrograph (Miller &
Stone 1993) on the Shane 3 m telescope at Lick Obser-
vatory; EFOSC2 on the 3.58 m ESO-NTT (Buzzoni et al.
1984); X-shooter on the 8.2 m VLT (Vernet et al. 2011); the
FLOYDS spectrograph on the 2 m Las Cumbres Observa-
tory telescopes as part of the LCO Supernova Key Project
(Brown et al. 2013); the Bluechannel (BC) Spectrograph on
the 6.5 m Multiple Mirror Telescope (MMT); and the Spec-
tropolarimeter (SPOL) on the 1.54 m Kuiper telescope, the
2.3 m Bok telescope, and the the 6.5 m MMT. All spectra
were taken with the long slit at the parallactic angle (Filip-
penko 1982). The spectroscopic observations are detailed in
Table 1.
Standard spectral reduction procedures were followed
for all of the spectra (except SPOL polarization data; see
§2.4). The reduced optical spectra are shown in Figure 4.
While we focus our analysis on the optical spectra, the X-
shooter spectra also contain near-IR data, plotted in Figure
5.
4 http://www.sdss.org/dr7/algorithms/sdssUBVRITransform.html
#Lupton2005
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Figure 3. Photometric observations of SN 2014ab taken by the Lick Nickel 1 m telescope (BV RI) and the CSS (unfiltered, but similar to
V -band). CSS data that include host-galaxy light (from Fig. 2) are shown in grey, while host-flux-subtracted CSS unfiltered measurements
are shown in dark green. Nickel V -band data does not extend back to the discovery date, so we have shown a projected peak magnitude
value (based on extrapolating the shape of the CSS unfiltered light curve) with an unfilled green circle connected by a dotted line. Dates
on which we also obtained spectra and spectropolarimetry are marked by black dashes. Dates are relative to the adopted discovery date
of 2014 Jan. 12.4755.
2.4 Spectropolarimetry
Spectropolarimetric observations of SN 2014ab were ob-
tained using the CCD Imaging/Spectropolarimeter (SPOL;
Schmidt et al. 1992) on the 2.3 m Bok, 1.54 m Kuiper, and
6.5 m MMT telescopes. A 5′′ slit was used at the Bok and
Kuiper telescopes, while a 3′′ slit was used at the MMT.
Observation and data reduction procedures were followed
as in Bilinski et al. 2018, except using a wavelength range
of 4000–7550 A˚. Nine q and u sequences were acquired at
the Bok telescope, 11 at the Kuiper telescope, and 2 at the
MMT. Each set of sequences was then combined by epoch
for a higher signal-to-noise ratio.
Hiltner 960 and VI Cyg 12 were used as polarimetric
standards (Schmidt et al. 1992) to obtain the instrumen-
tal polarization angle for SPOL at the Bok and MMT tele-
scopes. The discrepancy between the measured and the ex-
pected position angle was < 0.2° for each of the polarimetric
standard stars. BD+28°4211 was used as an unpolarized flux
standard to ensure that the instrumental polarization for
SPOL was < 0.1% for each epoch (Oke 1990). We also use
unpublished spectropolarimetry of SN 2010jl (Williams et.
al. 2020, in prep.) obtained by the SN Spectropolarimetry
Project to compare to our spectropolarimetry of SN 2014ab.
3 RESULTS
3.1 Extinction and Reddening
We use the strength of Na i D absorption to evaluate the
local reddening along the line of sight to SN 2014ab within
its host galaxy. The strength of the narrow absorption lines
ofNa i D λλ5890 (D2), 5896 (D1) correlates with the in-
terstellar dust extinction present along a particular line of
sight. While this relation does not perform well with low-
resolution spectra (Poznanski et al. 2011), it can be used
with moderate-resolution spectra when the Na i D2 line is
not saturated and the doublet is not blended (Poznanski
et al. 2012). Phillips et al. (2013) found that the sodium
doublet absorption for one-fourth of their sample of SNe Ia
was stronger than expected for dust-extinction values esti-
mated from SN colour. In our moderately high-resolution
(R = 3500) spectrum on day 70, we measure the equiv-
alent widths for the D1 and D2 lines (λ5896 and λ5890,
respectively, in the host-galaxy rest frame) to be 0.21±0.03
A˚ and 0.31 ± 0.03 A˚, respectively (see Fig. 6). Based on
these equivalent widths, the relation provided by Poznan-
ski et al. (2012) suggests that we have additional extinc-
tion along the line of sight caused by the host galaxy of
AV ≈ 0.18 mag (assuming AV = 3.08EB−V ; Pei 1992) or
MNRAS 000, 1–20 (2020)
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Table 1. Spectroscopic Observations of SN 2014ab
Year-Month-Day Daya Telescope/Instrument Wavelength Range (A˚) ∼ R (λ/∆λ)
2014-03-10 57 ESO-NTT/EFOSC2 3585-9065 350
2014-03-23 70 ESO-VLT/X-shooter 2923-24241 3500
2014-03-24 71 Lick/Kast 3421-9775 600
2014-03-29 76 Bok/SPOL 3911-7373 200
2014-03-30 77 Bok/SPOL 3909-7375 200
2014-03-31 78 Bok/SPOL 3912-7375 200
2014-04-02 80 Bok/SPOL 3910-7377 200
2014-04-08 86 LCO/FLOYDS 4888-11003 550
2014-04-09 87 LCO/FLOYDS 4892-9096 550
2014-04-11 89 LCO/FLOYDS 4886-9770 550
2014-04-20 98 LCO/FLOYDS 3960-7036 550
2014-04-20 98 MMT/SPOL 3910-9090 400
2014-04-23 101 LCO/FLOYDS 3913-9779 550
2014-04-24 102 ESO-VLT/X-shooter 2923-24241 3500
2014-04-26 104 Kuiper/SPOL 3912-7375 200
2014-04-27 105 Kuiper/SPOL 3911-7372 200
2014-04-28 106 Kuiper/SPOL 3908-7375 200
2014-04-30 108 Lick/Kast 3420-10261 600
2014-05-01 109 Kuiper/SPOL 3910-7377 200
2014-05-07 115 LCO/FLOYDS 3910-9774 550
2014-05-19 127 Magellan/IMACS 5477-7028 1600
2014-05-22 130 LCO/FLOYDS 3911-9776 550
2014-05-23 131 Bok/SPOL 3911-7379 200
2014-05-24 132 Bok/SPOL 3912-7375 200
2014-05-26 134 Bok/SPOL 3914-7379 200
2014-05-28 136 Lick/Kast 3421-9774 600
2014-06-21 160 Lick/Kast 3382-9970 600
2014-06-22 161 Kuiper/SPOL 3911-7379 200
2014-06-23 162 Kuiper/SPOL 3910-7376 200
2014-06-24 163 Kuiper/SPOL 3911-7375 200
2014-06-24 163 ESO-VLT/X-shooter 2923-24239 3500
2014-06-26 165 Kuiper/SPOL 3909-7375 200
2014-06-29 168 ESO-VLT/X-shooter 2923-24239 3500
2014-06-30 169 Lick/Kast 3373-10266 600
2014-07-19 188 ESO-VLT/X-shooter 2923-24239 3,500
2018-04-14 1553 MMT/BlueChannel 5588-6863 3310
aDays since adopted discovery date (2014 Jan. 12.4755 UT).
AR ≈ 0.14 mag.5. If we choose the model (described in
Footnote 5) with the highest estimated extinction we would
have AV = 0.55 mag instead. We adopt a total Milky Way
(Schlafly & Finkbeiner 2011) plus host-galaxy extinction of
AV = 0.26 mag (EB−V = 0.083 mag) or AR = 0.21 mag.
Figure 4 shows spectra dereddened by EB−V = 0.083 mag.
3.2 Light Curve
Figure 3 shows the light curve of SN 2014ab obtained by the
Nickel telescope and CSS. The absolute magnitudes shown
have been adjusted for Milky Way and host-galaxy redden-
ing (determined from Na i D line strengths as discussed in
§3.1) and for the distance modulus of µ = 35.1 mag based
on a distance to the host galaxy of 105.7± 7.4 Mpc.
5 Other attempts have been made to connect the equivalent
width of the absorption in the sodium doublet to extinction (Rich-
mond et al. 1994; Munari & Zwitter 1997; Turatto et al. 2003;
Poznanski et al. 2012).
CSS photometry of the host galaxy prior to the ini-
tial discovery announcement suggests that SN 2014ab ini-
tially brightened sometime between days−212 and 0 relative
to the discovery date. We measure SN 2014ab to have the
brightest observed magnitude at MV = −19.54 mag on the
first CSS detection date, so the peak luminosity may have
occurred some time before then. Even our earliest spectra
resemble those of SN 2010jl (Smith et al. 2012) more than
50 days after peak, suggesting that SN 2014ab was already
well past maximum brightness when discovered. For this rea-
son, all dates are cited relative to the CSS first detection
date, which may be several weeks or months after the SN
exploded.
Because the CSS photometry included host-galaxy light
and is unfiltered rather than true V -band data, we favour
using the Nickel data for a constraint on the peak V -band
magnitude. Specifically, we have estimated the magnitude
the V -band Nickel data would have if it followed the same
changes in brightness that the CSS data experienced be-
tween days 0 and 72. This results in a projected peak V -
band magnitude of -19.14 in the Nickel data, which we use as
MNRAS 000, 1–20 (2020)
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Figure 4. Visual-wavelength spectra of SN 2014ab. All spectra were corrected for reddening using EB−V = 0.083 mag, which accounts
for the total Milky Way and estimated host-galaxy reddening (see text). All spectra have also been corrected for host-galaxy redshift, and
scaled for clarity (see Table 1). Additional small wavelength corrections were applied so that the narrow component of Hα consistently
matches the rest-frame wavelength of Hα. Telluric features were not removed from some of the spectra and are marked with an Earth
symbol; those longward of ∼ 9000 A˚ are not marked. Days since discovery date indicated.
the V -band peak estimate. Note, however, that SN 2014ab’s
peak magnitude occurs on the discovery date, with a gap
of data in the 212 days prior, suggesting that we only have
estimated a lower limit to the peak brightness of SN 2014ab.
The decline rate for SN 2014ab was ∼ 0.0034 mag day−1
in the CSS data and ∼ 0.0079 mag day−1 in the Nickel data,
with the somewhat steeper decline in Nickel data reflecting
the later dates that were sampled. We compare the light-
curve decline rates to those of other SNe in §4.2.
3.3 SN Location
We find astrometric fits to both the Nickel and Kuiper tele-
scope images (Fig. 3) using astrometry.net (Lang et al.
2010). We then measure the location of the host galaxy
from the Kuiper image and the location of the SN from the
Nickel image after template subtraction using radial profile
fits to a Moffat distribution (Moffat 1969). We determine
the uncertainty in the location of the centroid by replicating
the noise level in each image and refitting the centroid 100
times. The location of the SN is measured to be α(J2000) =
13h48m06s.05 and δ(J2000) = +07°23′16′′.12 ± 0.01′′, and
the location of the host galaxy is measured to be α(J2000) =
13h48m06s.01 and δ(J2000) = +07°23′15′′.41 ± 0.3′′. The
difference between these is ∆α = 0.05s ± 0.25s and ∆δ =
0.71′′ ± 0.17′′. ∆δ is bigger than the uncertainty in the ∆δ,
suggesting that the SN is offset from the host-galaxy nu-
cleus by roughly 0.71′′. Given the distance to SN 2014ab of
105.7 Mpc, it has a projected distance from the nucleus of
the host galaxy of ∼ 364 pc. This indicates that SN 2014ab
is not a nuclear transient like a tidal disruption event.
3.4 Spectral Morphology
We detect a variety of spectral features in the 36 different
spectra. Intermediate-width Hα and Hβ emission are the
most prominent spectral features present from day 57 to day
188. Hβ shows a broad, shallow, blueshifted absorption fea-
ture with a minimum of the absorption at v ≈ −8000 km s−1,
and with the blue edge of the absorption extending to about
−17,000 km s−1 (see Fig. 7). We do not see similarly strong,
broad absorption in Hα. Hα and Hβ both exhibit narrow
blueshifted absorption lines (v ≈ −80 km s−1; see Fig. 8)
in the higher resolution spectra we obtained. The Ca ii
near-IR triplet (a blend of λ8498, λ8542, and λ8662) is
strong in emission in SN 2014ab at all epochs that we ob-
MNRAS 000, 1–20 (2020)
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Figure 5. Near-IR spectra of SN 2014ab. All spectra were corrected for reddening using EB−V = 0.083 mag, which accounts for the
total Milky Way and estimated host-galaxy reddening (see text). All spectra have also been corrected for host-galaxy redshift, and scaled
for clarity (see Table 1). Additional small wavelength corrections were applied so that the narrow component of Hα consistently matches
the rest-frame wavelength of Hα, though Hα is not shown in this figure. Telluric features were not removed and are marked with an
Earth symbol. We also plot a spectrum of SN 2010jl 178 days after earliest detection for comparison (Borish et al. 2015).
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Figure 6. An R = 3500 X-shooter spectrum taken on day 70
showing the sodium doublet absorption which we use to constrain
the host-galaxy extinction and interstellar polarization. The spec-
trum has been redshift-corrected using the average redshift of the
host galaxy and then aligned to the narrow component of Hα
emission. Vertical dashed lines show the rest-frame wavelengths
of the Na i D lines. The observed Na i D absorption lines are
offset slightly (∼ 54 km s−1) from their rest wavelengths because
of host-galaxy rotation.
serve. We also detect a number of weaker emission features
in many of the optical spectra: these include Hδ, Hγ, and
[O iii] λλ4959, 5007. Narrow Hα emission is distinct from the
intermediate-width feature in our higher resolution spectra,
but it is blended with the intermediate-width component in
our lower resolution spectra. X-shooter spectra extend into
the near-IR (∼ 2.4µm,), revealing a number of emission fea-
tures. Most prominently, we detect He i λ10,830, Paβ, Brδ,
and Brγ. We also detect weaker emission features of pre-
sumably Paγ, O i λ11,287, Br 12-4, Br 11-4, Br 10-4, and
He i λ20,589.
Many of the most prominent emission features (Hα,
Hβ, and Paβ) have intermediate-width emission components
that remain constant with time throughout all of the spec-
tra (see Fig. 9). These lines show asymmetric profiles with a
net blueshift. The blueshifted emission component of these
prominent lines is stronger than the redshifted component
at all epochs. The intermediate-width Hα emission reaches
half maximum intensity at ∼ 2000 km s−1 on the blue side
and ∼ 1000 km s−1 on the red side. This intermediate-
width component extends out to ∼ 4500–6000 km s−1 on
the blue side before reaching 10% of maximum intensity
and ∼ 4000–5000 km s−1 on the red side before reaching
10% of maximum intensity. The centre of the intermediate-
width component of Hα is offset by v ≈ −500 km s−1, likely
due to the CSM interaction approaching us obscuring the
redshifted intermediate-width emission component. Over-
all, the spectra for SN 2014ab are very similar to those of
SN 2010jl, including the blueshifted profile. However, the
broad, blueshifted absorption seen in Hβ in SN 2014ab is
stronger than in SN 2010jl (Smith et al. 2012).
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Figure 7. The progression of the Hβ line over the course of the
∼ 150 days during which we obtained spectra. Medium- and high-
resolution spectra are shown fully opaque and have their dates la-
beled with larger text. Because the spectra overlap heavily owing
to a lack of change in the line profile, low-resolution spectra are
shown transparently and have small date labels. A broad, shallow
P-Cygni absorption feature is seen, likely arising in the SN ejecta.
This absorption feature has a minimum at v ≈ −8, 000 km s−1,
and a blue edge out to v ≈ −18, 000 km s−1.
3.5 Spectropolarimetry
Our spectropolarimetric analysis is performed primarily us-
ing the linear Stokes parameters, q = Q/I and u = U/I,
which are rotated 45° with respect to each other, allow-
ing us to decompose the polarization signal into orthogo-
nal components in position angle space. Typically, one can
combine the Stokes parameters to obtain the polarization
level, P =
√
Q2 + U2, and the position angle on the sky,
θ = (1/2) tan−1(U/Q). However, since the definition of the
polarization makes it a positive-definite value, it may seem
artificially high in cases where we have a low signal-to-noise
ratio because fluctuations will raise the mean polarization
level significantly. To partially control for this effect, we also
plot the rotated Stokes parameters, which are an attempt
to rotate any significant nonzero polarization signal into
qRSP while leaving noise in uRSP , though sharp changes
in the q–u signal will remain in uRSP depending on the
value of θsmooth that is used for rotation. We use the rotated
Stokes paramters qRSP = q cos(2θsmooth) + u sin(2θsmooth)
and uRSP = −q sin(2θsmooth)+u cos(2θsmooth), and the op-
timal polarization, Popt = P − σ2P /P (Wang et al. 1997).
The θsmooth value we use is a moving average over 100 A˚,
so changes in the polarization signal that occur alongside
changes in the polarization angle within a small wavelength
range will not be effectively rotated into qRSP .
We measure the optimal polarization over two wave-
length ranges that are meant to avoid spectral lines in order
to obtain the best measurement of the continuum polariza-
tion. In particular, we measure the optimal polarization at
5100–5700 A˚ and 6000–6300 A˚ for each of our epochs of spec-
tropolarimetry. These values range between 0.07% ± 0.04%
to 0.43%± 0.09% (shown in Tables 2 and 3), studied in de-
tail in Figure 10, and are also shown in Figures 11, 12, and
13. Uncertainty values on q and u were determined from
the root-mean-square (rms) noise in the measured q and
u spectra, which does not include systematic errors. These
uncertainties were then propagated to the uncertainty on
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Figure 8. Top panel: Narrow absorption features of Hα (v ≈
−80 km s−1) are seen in all of our higher resolution spectra. Bot-
tom panel: The same for Hβ.
Table 2. Continuum Polarization Measurements Across 5100–
5700 A˚
Epoch (days) Popt (%) Integrated q (%) Integrated u (%)
76-80 0.10± 0.03 0.10± 0.03 0.05± 0.03
98 0.24± 0.03 −0.20± 0.03 0.14± 0.03
104-109 0.30± 0.07 −0.23± 0.07 0.21± 0.07
131-134 0.31± 0.05 −0.21± 0.05 0.25± 0.05
161-165 0.32± 0.09 −0.099± 0.09 0.34± 0.09
Table 3. Continuum Polarization Measurements Across 6100–
6300 A˚
Epoch (days) Popt (%) Integrated q (%) Integrated u (%)
76-80 0.07± 0.04 0.08± 0.04 0.04± 0.04
98 0.21± 0.04 −0.17± 0.04 0.14± 0.04
104-109 0.43± 0.09 0.02± 0.10 0.44± 0.09
131-134 0.36± 0.08 −0.11± 0.07 0.36± 0.08
161-165 0.38± 0.12 −0.41± 0.12 0.02± 0.12
the integrated q, integrated u, and optimal polarization es-
timates. Although debiased, the optimal polarization level
is still not a perfect measure, so we attempt to perform our
analysis in the Q and U plane whenever possible. This al-
lows us to avoid problems with the positive-definite nature
of polarization.
We must address the tricky issue of interstellar polariza-
tion (ISP) in order to determine what level of polarization
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Figure 9. Top panel: The progression of the Hα line over the
course of the ∼ 150 days during which we obtained spectra.
Medium- and high- resolution spectra are shown fully opaque
and have their dates labeled with larger text. Because the spec-
tra overlap heavily owing to a lack of change in the line profile,
low-resolution spectra are shown transparently and have small
date labels. Middle panel: The progression of the Paβ line over
the course of the ∼ 70 days during which we obtained near-IR
spectra. Bottom panel: A comparison of the first Paβ line and its
Hα counterpart. See §4.5 for a discussion of the asymmetric Hα
and Paβ emission line profiles.
signal is actually coming from our target of interest. It is
difficult to measure the combined level of the ISP coming
from the Milky Way and from the host galaxy of the SN.
Fortunately, however, Na i D absorption lines in our spec-
tra provide constraints on the total reddening along our line
of sight. This allows us to predict very low ISP values for
SN 2014ab.
In §3.1 we found a low value for the reddening of
EB−V = 0.083 mag based on Na i D absorption plus
Milky Way reddening. We adopt this total extinction level
when dereddening our spectra in Figure 4 and all sub-
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Figure 10. The integrated continuum q and u values for the 5
different epochs of spectropolarimetry. Error bars are estimated
from the statistical rms noise and do not include systematic er-
rors, so they are likely an underestimate of the true uncertainty.
A slight change of around 0.4–0.5% in the intrinsic polarization of
SN 2014ab is confidently shown only between epoch 1 and epochs
2-5.
sequent analysis. Additionally, the ISP–reddening relation
from Serkowski et al. 1975 suggests that ISP < 9EB−V %
for Milky Way dust, which means that we can use the mea-
sure of EB−V from the Na i D absorption lines and the Milky
Way to place a constraint on the level of the ISP to < 0.75%.
In doing so, we have applied the relation from Serkowski et
al. 1975 to the dust in the host galaxy as well as the Milky
Way, though this is not a perfect assumption (Leonard et al.
2000; Porter et al. 2016). We are not able to constrain the
likely location of the total ISP in the q–u plane, so we do
not subtract the ISP directly from our measurements. If the
full extent of the ISP were aligned exactly opposite in the
q–u plane to our strongest contiuum polarization signal mea-
surement for SN 2014ab (0.43% ± 0.04%), then SN 2014ab
would have a continuum polarization and line polarization
of 1.18%. We use this as a conservative upper limit on the
continuum and line polarization for SN 2014ab. This is lower
than that for other SNe IIn with published spectropolarime-
try (SN 1997eg: Hoffman et al. 2008; SN 1998S: Leonard et
al. 2000; SN 2006tf: Smith et al. 2008; SN 2009ip: Mauer-
han et al. 2014; Reilly et al. 2017; SN 2012ab: Bilinski et al.
2018) and is discussed in more detail §4.6.
Figures 11, 12, and 13 show the spectropolarimetric
data plotted in the q–u plane. The polarization signal is
weak at every one of our 5 epochs spanning from day 76 to
day 165, although the signal becomes much noisier by our
later epochs. The q and u values are relatively evenly scat-
tered around the origin in every epoch, though we see a slight
shift in the optimal polarization value across the continuum
between the first epoch of spectropolarimetry and the re-
maining four epochs. Figure 10 shows the q and u values
integrated across two wide continuum regions (5100–5700 A˚
and 6100–6400 A˚). The error bars are likely an underesti-
mate of the true uncertainty, so we conclude that only the
shift in polarization from the first epoch to the later epochs
is statistically significant and consistent across both contin-
uum wavelength regions.
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Figure 11. Top panels: q–u Stokes parameters, qRSP–uRSP rotated Stokes parameters, and position angle θ for SN 2014ab from the
90-inch Bok telescope on days 76–80 (data from multiple days combined). The dotted black line in the qRSP plot indicates the smoothed
optimal polarization value. The dotted black line in the position-angle plot indicates the smoothed position angle, θsmooth. The solid
black point in the qRSP plot is the optimal polarization value measured across the continuum region designated by the horizontal black
bars. The data are grouped into ∼ 28 A˚ bins. Shaded regions show a scaled version of the total-flux spectrum. Dashed lines are present
at the wavelengths of Hα and Hβ. We have adopted an ISP value of < 0.75% (shown as a circle of blue asterisks) based on Na i D
absorption-line measurements (see §3.5). Black dotted circles in the q–u plot indicate 1–2% polarization. Colours, bins, and error bars in
the q–u plots on the left correspond to those on the right, with wavelengths labeled on the right. Bottom panels: The same for the MMT
data from day 98.
4 DISCUSSION
4.1 SN, AGN, or TDE
Because SN 2014ab is within 1′′ of its host-galaxy centre, we
consider the possibility that it is an active galactic nucleus
(AGN) or tidal disruption event (TDE). The light curve
of SN 2014ab (see §3.2) shows a relatively smooth drop of
∼ 1 mag over the course of ∼ 150 days. During this period of
time, the equivalent width of the Hα line increases roughly
twofold (see Figure 14), probably caused by a fading contin-
uum paired with a persistent bright CSM interaction region.
While AGNs can exhibit such variations on this timescale
(Ulrich et al. 1997), they do not generally brighten and fade
only once over the course of a ∼ 11 yr timescale. Addition-
ally, AGNs tend to have a number of forbidden emission lines
which we do not detect. These include [O I] λλ6300, 6364,
[O III] λλ4959, 5007, [N I] λ5199, and [N II] λλ6548, 6583.
The He II λ4686 line is often quite strong compared to the
Balmer series in AGNs, but we do not detect it in our spec-
tra. The late-time spectrum of SN 2014ab taken on day 1553
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Figure 12. Top panels: The same as Fig. 11, but for Kuiper data from days 104–106. Bottom panels: The same for the 2.3 m Bok
telescope data from days 131–134.
shows only narrow Hα emission, whereas the intermediate-
width component is completely gone. For these reasons, we
find it unlikely that SN 2014ab is an AGN.
We also consider the possibility that SN 2014ab may be
a TDE because TDEs also produce bright asymmetric sig-
natures and are found coincident with the central region of
their host galaxy. Unlike an AGN, a TDE is consistent with
the long stable CSS photometry for years prior to the bright-
ening event, followed by a decrease in brightness that does
not rebrighten again. We cannot easily compare our light
curve to the theoretical decline rate in TDEs (t−5/3; Rees
1988; Evans & Kochanek 1989; Phinney 1989) because we
do not know when SN 2014ab reached its peak brightness.
However, our light curve shows a steepening in the decline of
SN 2014ab and a duration of over 150 days, which is unchar-
acteristic of TDEs. If the event we observed was in fact a
TDE, we would expect the light curve to become gradually
flatter. Spectroscopically, we would expect there to be an
offset between the narrow lines and the intermediate-width
lines in the case of a TDE, which we do see (Strubbe &
Quataert 2009). However, we do not detect any strong He II
emission, which is thought to be common in TDEs, though
not always detected (Gezari et al. 2012; Arcavi et al. 2014).
Overall, the shape of the light curve, the long duration of the
event, and the lack of He II emission suggest that SN 2014ab
is not a TDE. Henceforth, we assume that SN 2014ab is a
core-collapse SN with strong CSM interaction.
4.2 Light Curve
SN 2014ab is a luminous example among SNe IIn. Its
projected peak in the Nickel photometry was at MV =
−19.14 mag, approaching values of superluminous SNe, and
it remained bright, declining slowly over the next 211 days
MNRAS 000, 1–20 (2020)
12 Bilinski et. al.
Figure 13. The same as Fig. 11, but for Kuiper data from days 161–165.
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Figure 14. The equivalent width of Hα (black) and Paβ (orange)
at all epochs. As the light curve of SN 2014ab fades ∼ 1 mag over
the course of ∼ 150 days (so that the visual continuum fades by
a factor of 2–2.5), the equivalent width of Hα nearly doubles.
to a brightness of −17.89 mag (see §3.2 for a summary of the
photometric data).
The sustained high luminosity suggests that SN 2014ab
is more akin to superluminous SNe IIn like SN 2010jl (Patat
et al. 2011) and SN 2006tf (Smith et al. 2008), albeit with
a slightly lower peak luminosity, and quite different from
faster declining SNe IIn like SN 1998S (Fassia et al. 2000).
Of course, the true peak luminosity of SN 2014ab may have
been higher than its observed peak because of its relatively
late discovery. Figure 15 shows a comparison of several SN
light curves. Although some SNe IIn (such as SN 1998S) ex-
hibit light-curve decline rates similar to those of SNe II-L
(such as SN 2003hf), other SNe IIn (such as SN 2014ab and
SN 2010jl) exhibit slower light-curve decline rates for much
longer durations. We attribute the extended and bright
plateau in SN 2014ab to strong CSM interaction.
4.3 Lack of Spectral Evolution
Although SN 2014ab drops in brightness significantly over
the course of the ∼ 150 days during which we also have spec-
tra, the spectra show little qualitative change. This suggests
that we did not observe SN 2014ab during its early stages,
as most SNe IIn are observed to have drastically changing
early-time spectra as they transition from optically thick
CSM and electron scattering line profiles to later times when
emission from the cold dense shell is revealed (Smith 2017).
Instead, we are likely observing SN 2014ab while the SN
ejecta are crashing into increasingly distant but smoothly
distributed CSM, creating spectral features that are similar
at each epoch because the advancing shock speed and CSM
density change slowly.
4.4 CSM Interaction Luminosity
The strong intermediate-width Hα component seen in our
spectra and the spectral similarity to SN 2010jl suggest
that CSM interaction dominates the emitted radiation in
SN 2014ab. If the CSM interaction is powering most of the
luminosity, then we can estimate a lower limit to the wind-
density parameter (w = M˙CSM/vw, where vw is the velocity
of the preshock wind) prior to the explosion of SN 2014ab.
We calculate the wind-density parameter as
w = 2L/v3SN, (1)
where L is the observed luminosity and vSN is the velocity
of the postshock shell (Smith et al. 2008).
The velocity of the postshock shell is determined from
the intermediate-width component of the Hα line, which is
measured to have a half width at half-maximum intensity of
∼ 2000 km s−1. Although our R-band measurements do not
extend to day 0, we assume a rough average MR ≈ −19 mag
over the course of 200 days, and conservatively adopt no
bolometric correction, to estimate the average luminosity
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Figure 15. R-band (Nickel telescope) and V -band (CSS, host galaxy subtracted) observations of SN 2014ab relative to the discovery
date of 2014 Jan. 12.4755. For comparison, we have included the R-band light curves of the Type II-P SN 1999em (orange; Leonard et
al. 2002), the Type II-L SN 2003hf (green; Faran et al. 2014a), the Type IIn SN 1998S (red; Fassia et al. 2000; Poon et al. 2011), and
the Type IIn SN 2010jl (blue; G. Williams, private communication).
(L ≈ 3.1 × 109 L). We obtain a conservative estimate of
the wind-density parameter of ∼ 3 × 1018 g cm−1. If we
assume a steady wind velocity of ∼ 80 km s−1 (estimated
from the P-Cygni absoprtion in Hα) from the progenitor,
we can estimate the mass-loss rate to be at least M˙ ≈
M yr−1(vw/(80 km s−1))0.4. This mass-loss rate is higher
than any normal steady wind mass loss, but is achievable
by episodic super-Eddington winds of massive stars (Smith
& Owocki 2006). The intermediate-width component of Hα
persists for over 150 days (and is likely a significant source of
the luminosity of SN 2014ab going back another 50 days), so
we can estimate the duration of its pre-SN mass-loss episode
by determining how long pre-SN mass loss must have been
occurring. In order for the ∼ 2000 km s−1 shell to be con-
tinually running into CSM which was ejected at roughly
80 km s−1 for 200 days, the pre-SN mass loss must have be-
gun at least T vSN/vw = 14 yr before explosion, where T is
the duration of the strong intermediate-width component of
Hα. This suggests a total mass loss of ∼ 5 M in the 14 yr
prior to explosion, comparable to the CSM mass inferred
for some of the most luminous SNe IIn (Smith et al. 2007;
Smith & McCray 2007; Ofek et al. 2014).
The variety of progenitor candidates for SNe IIn have
widely differing mass-loss rates. Smith (2014) estimated that
eruptive luminous blue variable (LBV) progenitors can have
mass-loss rates in the range of 0.01–10 M yr−1, while even
very massive red supergiant or yellow hypergiant progeni-
tors have mass-loss rates in the range of 10−4–10−3 M yr−1.
LBVs undergoing eruption are therefore the only known
class of progenitors to SNe IIn that have mass-loss rates as
high as those we measure for SN 2014ab (Smith & Owocki
2006; Smith 2014). The physical cause of this eruptive mass
loss remains unknown, but several ideas have been proposed,
including wave-driven mass loss during Ne, O, or Si burn-
ing (Quataert & Shiode 2012), pulsational pair eruptions
(Woosley 2017) or other nuclear burning instabilities (Smith
& Arnett 2014), and various types of binary interaction
(Chevalier 2012; Smith & Arnett 2014).
4.5 Asymmetric Hα and Paβ
Figure 9 shows the Hα and Paβ emission-line profiles, scaled
to the continuum fit beyond the wings of each line. As the
red wing of Paβ is blurred with telluric features, this con-
tinuum estimate contains greater uncertainty not reflected
in the line-strength measurements shown in Figure 16. The
blueshifted side of both lines is clearly stronger than the
redshifted side of the line at all epochs. The early-time
spectra for both emission lines are slightly wider on the
blueshifted side of the line than in the late-time spectra.
The Hα emission line in the day 57 spectrum has a width
on the blueshifted side at 10% of maximum intensity of
∼ 6000 km s−1, whereas the day 188 spectrum has a width
on the blueshifted side at 10% of maximum intensity of
∼ 4500 km s−1. Emission in the wings of the line likely arises
in the SN ejecta, with slower SN ejecta hitting the shock
front as time progresses. It is possible we are not seeing
this same effect on the redshifted side of the emission line
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because it is obscured by the blueshifted CSM interaction
region (see §4.8 and Figure 19 for a more detailed discussion
of the line of sight).
We measure the flux of the Hα line above the contin-
uum level on the redshifted and blueshifted sides of the line
separately (v = 0 is chosen to align with the narrow com-
ponent in high-resolution spectra and where we would ex-
pect the narrow component in low-resolution spectra based
on temporal interpolation between the high-resolution spec-
tra). The blue/red ratio of these fluxes is shown in Figure
16. Throughout all epochs, we find that the blueshifted com-
ponent of the Hα line is roughly 1.4 times as strong as the
redshifted component. This may in principle be due to dust
formation, occultation by the SN ejecta or CSM interaction
region, electron scattering, or real geometrical asymmetries.
Since the SN was first observed during the decline phase in
its light curve and the spectra remain surprisingly similar
throughout all epochs even as the SN fades, we find it un-
likely that the SN ejecta are still optically thick in the con-
tinuum at late times. If the SN ejecta were optically thick
initially, then over the course of the 150 days during which
we obtain spectra, we would have expected the redshifted
component of the spectra to become relatively stronger as
the SN ejecta become less optically thick.
In order to probe whether dust formation is likely, we
also perform the same blueshifted vs. redshifted component
measurement on the Paβ line, though our estimates of the
redshifted flux are prone to noise from atmospheric absorp-
tion. The blue/red ratio of fluxes for Paβ is shown in Figure
16. Dust extinction by small grains is wavelength dependent
as was found in SN 2010jl (Smith et al. 2012), but we do
not see a wavelength-dependent asymmetry in the lines of
Hα and Paβ in SN 2014ab. Instead, we see a similar 1.4:1
strength in the blueshifted component compared to the red-
shifted component for both Hα and Paβ. Lastly, electron
scattering has been shown to produce augmented blueshifted
emission profiles that are offset from the rest frame given
high velocities (Dessart et al. 2009). However, the Hα and
Paβ emission-line profiles we observe have wider blue wings
than red wings (see Figure 17), unlike those seen in high-
velocity electron scattering profiles. We also do not observe
strong blueshifted absorption that is suggested in the case
of electron scattering. This implies that occultation by the
optically thick CSM interaction region, extinction from very
large dust grains, or real geometrical asymmetries in the SN
ejecta or CSM are the cause of these asymmetric line pro-
files.
4.6 Weak Symmetry in the Face-on Viewing
Plane
We estimate a low value for the ISP (< 0.75%) based on low
Na i D equivalent widths and the relation between these
equivalent widths and reddening provided by Poznanski et
al. (2012). The q and u values for the first four epochs of
spectropolarimetry fall mostly within the constraint on the
ISP (see Fig. 11 and 12). The q and u values for the last
epoch of spectropolarimetry extend to about twice the esti-
mate of the ISP and have much larger error bars, but still
average a polarization measurement below that of the ISP
constraint (see Fig. 13). Figure 10 shows a slight change in
the integrated q and u values between the first epoch and
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Figure 16. Ratio of the flux for the blueshifted side of a line
compared to the redshifted side of a line, for Hα (black) and Paβ
(orange). This gives a quantitative indication of the relative asym-
metry in the line profile. Note that the statistical errors shown
for Paβ are likely an underestimate of the true error because the
continuum level on the redshifted side of the line is extremely
uncertain owing to blending with telluric absorption.
-8 -6 -4 -2 0 2 4 6 8
0
0.2
0.4
0.6
0.8
1 SN 2014ab day 188
Mirrored at -500 km s-1
Mirrored at 0 km s-1
Lorentzian Fit
Figure 17. The day 188 ESO-VLT X-shooter spectrum of Hα is
shown in black. The blueshifted wing of the line has also been mir-
rored across a vertical line at 0 km s−1 (blue) and at −500 km s−1
(orange). A best-fit Lorentzian is overplotted as a dashed green
line. A Gaussian, Lorentzian, and Voigt profile all fail to fit the
asymmetric wings of the Hα emission-line profile.
the last four epochs of spectropolarimetry. This is also seen
by the slight increase in the optimal polarization measured
in the continuum shown in Tables 2 and 3. The change in
the continuum polarization cannot be caused by the rela-
tively constant ISP, and therefore we conclude that there
is a slight change (0.36%) in the intrinsic polarization of
SN 2014ab. This slight change sets a lower limit to the in-
strinsic polarization to SN 2014ab of at least 0.36%, which
when combined with our upper limit of 1.18% discussed in
§3.5 suggests that SN 2014ab has low continuum polariza-
tion compared to other SNe IIn with published spectropo-
larimetry. Thus, despite the asymmetries measured in the
emission lines of SN 2014ab, spectropolarimetry at five dif-
ferent epochs (spanning from day 76 to day 165) suggests
that the face-on viewing plane has much less deviation from
circular symmetry compared to other SNe IIn.
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4.7 Comparison to SN 2010jl
SN 2014ab shows many similarities to SN 2010jl, particularly
in its near-IR spectra. Near-IR spectra of both SN 2014ab
and SN 2010jl are plotted in Figure 5 for comparison. The
major features (He i λ10,830, Paβ, Brδ, and Brγ) are all
very similar in both objects. Of particular interest is the
fact that both Paβ lines have augmented intermediate-width
blueshifted emission offset from the centre of the narrow
Paβ emission component. Unlike SN 2014ab, SN 2010jl was
observed to have a symmetric line profile for Hα at early
times (days 29 and 59, Smith et al. 2012; Fransson et al.
2014), which then evolved to the blueshifted profile similar
to SN 2014ab by day 85. Of course, SN 2014ab may have also
had symmetric lines in its early evolution, since it seems to
have been discovered relatively late. At late times (day 448
onward; Fransson et al. 2014), SN 2010jl is seen to be domi-
nated by thermal emission from dust. When comparing the
Hα emission-line profile to that of Paβ, Smith et al. (2012)
found that the blueshifted dominance is more pronounced at
shorter wavelengths, likely because of the presence of dust.
SN 2010jl has been suggested to have pre-existing dust (An-
drews et al. 2011), post-shock dust formation (Smith et al.
2012; Maeda et al. 2013; Gall et al. 2014), or no dust (Zhang
et al. 2012; Fransson et al. 2014), but SN 2014ab does not
show a more pronounced blueshifted component at shorter
wavelengths, implying that the asymmetry we observe is not
caused by small grain dust.
Spectropolarimetry of SN 2010jl indicates continuum
polarization as high as ∼ 2% (Patat et al. 2011; Williams
et. al. 2020, in prep.). Additionally, depolarization of Hα
and Hβ suggest that this continuum polarization reflects real
asymmetries in the SN 2010jl photosphere. Based on models
with an axially symmetric prolate morphology, Dessart et
al. (2015) find a pole-to-equator density ratio of ∼ 2.6. On
the other hand, SN 2014ab was observed to have very low
continuum polarization at five epochs, and exhibits no sign
of depolarization near Hα.
Another key difference between SN 2014ab and
SN 2010jl is the prominence of their Hβ absorption lines
and Ca ii near-IR triplet emission lines, shown in Figure
18. SN 2014ab shows stronger absorption in Hβ (as well as
stronger broad absorption in Hα and He i λ5876 and λ7065)
and stronger emission in the Ca ii near-IR triplet emission
lines. This suggests that the light from the SN photosphere
that we are seeing from SN 2014ab passes through a larger
amount of SN ejecta than that of SN 2010jl.
4.8 Physical Picture for SN 2014ab
SN 2014ab is a peculiar, luminous SN IIn. It is puzzling in
the sense that it does not show strong evidence for asymme-
try in its low level of polarization, but asymmetry is evident
from the line profiles in the spectra. The large number of
similarities between SN 2014ab and SN 2010jl provide mo-
tivation to consider a similar physical scenario for the two
events, but certain key differences (polarization, broad P-
Cygni absorption features) suggest that we may be looking
at analogous events from different viewing angles.
The key features of SN 2014ab are interpreted in Fig-
ure 19. We suggest that the majority of its luminosity likely
arises in an equatorially concentrated or bipolar CSM in-
teraction region, which wraps around the densest equa-
torial CSM. The continuum photosphere resides in this
CSM interaction region and may therefore create a stronger
blueshifted intermediate-width emission component if the
continuum photosphere occults the redshifted side of the
equatorial CSM interaction region. This CSM interaction
region is likely formed from mass lost from the progenitor
of SN 2014ab within the 10–20 yr prior to its death. The
SN ejecta from the explosion itself are likely optically thin
at the time of our observations and have faded, but their
presence can be seen in the broad components of hydrogen
Balmer emission lines, Ca ii near-IR triplet emission lines,
and broad Hβ absorption.
The narrow blueshifted Hα and Hβ absorption as well
as the narrow Hα emission persist throughout the evolution,
so they likely arise from distant CSM along our line of sight
that has not yet been overrun. These features place the likely
viewing angle for SN 2014ab along the axis of symmetry (i.e.,
above the pole), as labeled in Figure 19, whereas SN 2010jl
is probably observed from a different viewpoint shown in
the schematic. From the viewpoint of SN 2014ab, spectropo-
larimetric data could imply a roughly circularly symmetric
photosphere because we are seeing a disk or torus face-on,
whereas from the viewpoint of SN 2010jl, a significant po-
larization could be observed because we are seeing the same
geometry edge-on. Andrews et al. (2011) find a similar ge-
ometry with a torus inclined at 60°–80° for SN 2010jl, while
Huk (2017) finds an inclination angle of 51°–74°. Dessart et
al. (2015) also favour an edge-on view of SN 2010jl.
It is plausible that even if all SNe IIn are significantly
asymmetric in either their explosion or CSM interaction,
a number of SNe IIn would still exhibit unpolarized spec-
tropolarimetric features simply because of a viewing-angle
effect. To date, no published studies of SNe IIn examined
with spectropolarimetric data have shown little to no polar-
ization (i.e., less than 1%) until this study of SN 2014ab.
It is therefore important to examine a larger population of
SNe IIn with spectropolarimetric data to determine if a sim-
ilar geometry but with different orientations could account
for the distinctions seen in SN 2014ab compared to other
more typical SNe IIn. Efforts to model the polarization of
Hα profiles of SNe IIn to better understand the importance
of viewing angle (Huk 2017) should also be continued and
expanded upon.
5 SUMMARY
SN 2014ab is unusual compared to most Type IIn SNe
with published spectropolarimetry in that it exhibits very
low detectable continuum polarization (0.07% ± 0.04% to
0.43%± 0.09%, with an upper limit of < 1.18%, limited pri-
marily by the uncertainty in the interstellar polarization)
in all five epochs of spectropolarimetry, whereas all other
SNe IIn show > 1% continuum polarization. Although this
lack of polarization implies near circular symmetry in the
plane of the sky, the spectra of SN 2014ab display evidence
for significant asymmetry along our line of sight based on ra-
dial veocities. Without spectropolarimetric data, we would
have simply concluded that SN 2014ab was a typical asym-
metric SN IIn without a constraint on our viewing angle.
Thus, it is crucial that spectropolarimetric data, even if it
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Figure 18. A comparison of the spectra for SN 2014ab (day 70, VLT X-shooter) and SN 2010jl (Feb. 9, 2014, Lick/Kast, Smith et
al. 2012, corresponding to day 99) which have both been dereddened. This spectrum of SN 2014ab was dereddened by an additional
amount EB−V = 0.10 mag beyond the Milky Way and host-galaxy reddening applied earlier. This additional amount was chosen so that
the continuum slope of SN 2014ab would match the continuum shape of SN 2010jl for comparison of their spectral features. We chose a
SN 2010jl spectrum from a later relative date because the date of discovery for SN 2014ab was likely later relative to its peak. A 6400 K
blackbody is shown in orange. The optical spectral features are remarkably similar in SN 2014ab and SN 2010jl, though SN 2014ab
clearly exhibits stronger broad P-Cygni absorption features and a stronger Ca ii near-IR triplet.
results in very low polarization measurements, is obtained
in order to better constrain physical parameters of SNe IIn.
Below we summarise our main results.
• SN 2014ab was already on the decline when first de-
tected, and with the last predetection upper limit 212 days
before detection, the date of explosion for SN 2014ab is un-
certain. Its observed peak was MV = −19.14 mag at the
time of first detection, but the true peak was likely some-
what brighter. It declined very slowly, maintaining a bright-
ness comparable to that of superluminous SNe for over 200
days.
• Our spectra cover roughly 150 days and we see little
evolution in the spectral features during this time. This re-
inforces the conjecture that SN 2014ab was not first observed
near its explosion date, but rather many weeks or months
after explosion.
• Narrow emission and absorption components of lines
like Hα and Hβ indicate an expansion speed of 80 km s−1
for the pre-shock CSM. This likely corresponds to the pro-
genitor wind speed or expansion speed of a pre-SN eruption.
• Based on the sustained luminosity of SN 2014ab,
the intermediate-width component of its Hα emission line
from post-shock gas, and its CSM speed, we estimate the
mass-loss rate of the SN 2014ab progenitor to be M˙ ≈
M yr−1(vw/(80 km s−1)). From the roughly 200 day dura-
tion of the high-luminosity phase, combined with the relative
speeds of the CSM and shock, we infer a total mass loss of
at least ∼ 5 M in the decade or so before explosion.
• We measure the continuum polarization of SN 2014ab
at five different epochs spanning days 76 to 165 to be be-
tween 0.07% ± 0.04% and 0.43% ± 0.09%. The ISP domi-
nates the uncertainty in the true polarization, providing an
upper limit of 1.18%. This suggests that SN 2014ab is not
significantly polarized, unlike other SNe IIn with published
spectropolarimetry to date showing 1–3% continuum polar-
ization.
• Spectra of SN 2014ab indicate a number of interesting
features. In particular, the Hα and Paβ line profiles exhibit
similar shape at all epochs, implying little or no small dust
grain formation. Additionally, strong P-Cygni absorption is
seen in Hβ extending out to−18, 000 km s−1, suggesting that
we are observing the continuum photosphere through a sig-
nificant portion of the rapidly expanding SN ejecta.
• Overall, SN 2014ab shows many similarities to
SN 2010jl (see Fig. 18). Most importantly, both SNe have
asymmetric Hα emission features with an intermediate-
width component offset blueward of the narrow component.
In the case of SN 2010jl, this asymmetric line profile evolves
over time and is probably caused by dust formation (Smith
et al. 2012), in contrast to SN 2014ab.
• Importantly, SN 2014ab differs from SN 2010jl in a
number of ways. Spectropolarimetry of SN 2014ab suggests
MNRAS 000, 1–20 (2020)
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Face-on view:
SN2014ab viewpoint:
Distant CSM:narrow Hα emissionnarrow blueshifted Hα absorption CSM Interaction:Blueshifted intermediate-width peakRedshifted intermediate-width peak occulted SN ejecta:Broad emissionBroad Hβ absorptionCa II emission
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Unshocked CSM:Narrow Hα emission
Figure 19. A schematic showing how the viewing angle may significantly impact what line features and polarization are observed in
SNe IIn. The prominent Ca ii near-IR triplet emission, broad Hβ absorption, and broad Hα probably originate in the SN ejecta shaded
in grey. The CSM interaction region outlined in black is likely the source of the asymmetric blueshifted intermediate-width peak of the
Hα line profile, because the continuum photosphere in this zone occults the redshifted side. The distant CSM shown in green causes the
narrow blueshifted Hα and Hβ absorption. Both the distant CSM in green and brown cause the narrow Hα emission. These features
suggest that the likely viewing angle for SN 2014ab is from above the pole or axis of symmetry (from the side as labeled above). For
SN 2010jl, the observer may be seeing a similar geometry from a vantage point near the equatorial plane (from above in the schematic
shown here). The spectropolarimetric data suggest we see a roughly circularly symmetric SN from a perpendicular viewpoint.
low continuum polarization. Spectra of SN 2014ab show
broad P-Cygni absorption features and Ca ii near-IR triplet
emission features stronger than those seen in SN 2010jl.
• We suggest that SN 2014ab and SN 2010jl could have
quite similar CSM geometry but viewed from different di-
rections. SN 2014ab may be viewed nearly along the axis of
symmetry (i.e., from above the pole), yielding low polariza-
tion due to its symmetry in the plane of the sky, whereas
SN 2010jl may be viewed near edge-on, revealing larger po-
larization levels.
As our paper was in the final stages of preparation,
a preprint appeared that presented an independent anal-
ysis of similar spectroscopic data on SN 2014ab (Moriya
et al. 2020). We briefly note some similarities and differ-
ences in the two analyses here. Those authors similarly find
SN 2014ab to be a luminous and slowly declining Type IIn
SN with a blueshifted intermediate-width component in Hα
comparable to that of SN 2010jl. While Moriya et al. (2020)
do not present polarization data (as we do), they utilise mid-
IR observations (whereas we do not). Based on the mid-IR
data, they suggest that SN 2014ab had pre-existing dust in
the CSM, but did not have significant formation of dust in
the cool dense shell as SN 2010jl did (Smith et al. 2012).
We draw a similar conclusion about the lack of dust forma-
tion in SN 2014ab based on spectral line profiles. However,
Moriya et al. (2020) argue that the blueshifted intermediate-
width component of Hα is symmetric, adequately fit by a
Lorentzian, and can be explained by acceleration of the un-
shocked CSM by SN radiation. In contrast, we find that the
intermediate-width line profile is not symmetric and cannot
be fit by a Lorentzian, and requires either obscuration by
large dust grains (because the effect is not strongly wave-
length dependent), occultation by optically thick material,
or a lack of symmetry between the far side and near side of
the interaction region. Other than these points, our study
and theirs find similar results.
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